INTRODUCTION
The Center for Electromechanics a t the University of Texas a t A u s t i n (CEM-UT) h a s c o n t r a c t e d P a r k e r Kinetics Designs Inc.
(PKD) to manufacture and i n s t a l l a modular 60 m e g a j o u l e p u l s e d h o m o p o l a r g e n e r a t o r power s u p p l y l o c a t e d i n t h e E l e c t r o m e c h a n i c s and E n e r g y B u i l d i n g a t B a l c o n e s R e s e a r c h C e n t e r , t h e University of Texas a t Austin. (See Figure  1) The system consists of six (6) truncated drumt y p e h o m o p o l a r g e n e r a t o r s , e a c h s t o r i n g 1 0 . 0 m e g a j o u l e s r o t a t i o n a l k i n e t i c e n e r g y , a t a speed of 6073 RPM (636 rad/sec.). (See Figure  2 ) Various all o w a b l e c o m b i n a t i o n s o f s e r i e s a n d p a r a l l e l o u t p u t connections provide system flexibility. For a f u l l series disharge, the predicted output i s 600 VDC and 1.5 m i l l i o n amperes.
Each homopolar generator has a minimum e f f e c t i v e c a p a c i t a n c e of 2000 Farads with a very low i n t e r n a l impedance of 7.1 microohms and 112
nanohenries.
The B a l c o n e s R e s e a r c h C e n t e r 6 0 M J p u l s e d homopolar power supply also includes a complete s e t of s o p h i s t i c a t e d a u x i l i a r y equipment designed to support t h e s i x h o m o p o l a r g e n e r a t o r s . The Electromechanics and Energy Building a t Balc o n e s R e s e a r c h C e n t e r , t h e U n i v e r s i t y o f T e x a s a t Austin, was designed specifically to house the FARA-LAB 60 m o d u l a r p u l s e d h o m o p o l a r g e n e r a t o r power supply. I t i n t e g r a t e s t h r e e major equipment packages: 1) s i x ( 6 ) FARA-DRUM 10 truncated drum-type homopolar g e n e r a t o r s a n d o u t p u t b u s w o r k ; 2 ) a u x i l i a r y power s u p p l i e s ; 3) instrumentation and controls systems.
A complex, highr e l i a b i l i t y i n s t r u m e n t a t i o n and control system i s inc o r p o r a t e d i n t o t h e power s u p p l y d e s i g n t o s a f e l y o p e r a t e and monitor the performance of the generators. The a u x i l i a r y e q u i p m e n t a n d t h e i n s t r u m e n t a t i o n , c o n t r o l , and d a t a a c q u i s i t i o n s y s t e m s a r e d e s c r i b e d i n d e t a i l i n t h e a c c o m p a n y i n g p a p e r e n t i t l e d " F i n a l Design of the
Each FARA-DRUM 10 h o m o p o l a r g e n e r a t o r i s i nd i v i d u a l l y mounted 1.37m (54 i n ) below f l o o r l e v e l i n a r e i n f o r c e d h e x a g o n a l c o n c r e t e p i t , 6.10111 ( 2 0 f t ) wall-to-wall and 3.66111 (12 f t ) deep. Output current from each generator i s conducted to .522-m (21 3/4 i n ) above f l o o r l e v e l t h r o u g h 5.08 cm (2 i n ) t h i c k by .61-m ( 2 4 i n ) w i d e , ETP-110 c o p p e r p a r a l l e l p l a t e b u s bars.
Each s e t of conductors is bonded and b o l t e d t o withstand 62.0 @ a (9000 p s i ) s e p a r a t $ o n _ p r e g s u r e , Separate motoring, brush actuation, bearing supply
and'
scavenge systems are located beneath each generator. These modular systems are connected by an underground t u n n e l t o t h e i r m a i n power s u p p l i e s l o c a t e d i n a s e p e r a t e u t i l i t i e s b u i l d i n g . I n s t r u m e n t a t i o n and cont r o l s a r e i n s t a l l e d i n a n a d j a c e n t e l e c t r o m a g n e t i c and e l e c t r o s t a t i c s c r e e n room. S p e c i a l l y d e s i g n e d lowi m p e d a n c e g r o u n d g r i d p r o t e c t s p e r s o n n e l a n d comp o n e n t s f r o m g r o u n d f a u l t s . I n d i v i d u a l g e n e r a t o r paramenters are given in Table  11 . P a r k e r K i n e t i c D e s i g n s h a s c o n t r a c t e d i t s s i s t e r corporation OIME, Inc. ,in Odessa, Texas to manufacture v a r i o u s g e n e r a t o r c o m p o n e n t s and e s t a b l i s h s p e c i f i c assembly procedures.
Stator/Compensating Turn
The s t a t o r i s c a s t , u s i n g low carbon(0.25%) ASTM-A27 Grade U60-30 c l a s s m a t e r i a l , i n two i d e n t i c a l halves.
Each half is milled and bored, then joined temporarily for turning to complete the rough machini n g s e q u e n c e .
A f t e r s t r e s s r e l i e v i n g , t h e s t a t o r halves are turned to finiski diameters and s l o t s a r e machined to accomodate the o u t p u t terminals of the compensating turns. 
The s t a t o r s h a l v e s a t t h i s s t a g e

The compensating turns conduct discharge current from t h e c u r r e n t c o l l e c t i o n b r u s h r i n g s t o t h e o u t p u t busbars.
Each compensating turn is machined from a 250 kg (550 lb) spool shaped EPT-110 copper rolled r i n g f o r g i n g .
The compensating turns are rough turned to their approximate finish dimensions an then circuitous grooves are milled in the bore and on the end f a c e s of t h e s p o o l f o r g i n g s . T h e s e g r o o v e s a r e designed to accept .635 cm (.250 in) square by .356 cm (. 140 in) inside diameter copper tubing which i s s i lver soldered into the grooves. This tubing i s used for circulating coolant through the compensating turns and is designed so t h a t i t has no breaks or splices within the generator itself. After completion of the tubing soldering procedure, the two compensating turns a r e each bonded t o a .32 cm (.12 i n ) t h i c k G-10 ins u l a t o r u s i n g F M -1 2 3 , a n A m e r i c a n C y a n i m i d h i g h s t r e n g t h film adhesive. This bonded compensating turn assembly 1s then bonded i n t o t h e two s t a t o r h a l v e s using the same high strength adhesive system. The cure cycle for the stator to compensating turn bond i s 250 degrees F for nine hours. Throughout the bonding and curing process care is taken t o insure proper ins u l a t i o n i n t e g r i t y between the two compensating turns and t h e s t a t o r . A f t e r c u r e t h e s t a t o r / c o m p e n s a t i n g t u r n a s s e m b l y i s m a c h i n e d t o f i n i s h l e n g t h and d i a m e t e r s a n d i s t h e n r e a d y f o r f i n a l m a c h i n e assembly.
Rotor/Shaf t
The r o t o r on the FARA-DRUM 10 homopolar generator i s made from a n a i r c r a f t q u a l i t y E4340 a l l o y s t e e l forging heat treated to 320 minimum Brinell hardness.
T h i s t r e a t g e n t p r o v i d e s a y i e l d s t r e n g t h of approximately 690 MPa (100,000 psi).
The forging is rough machined to size and then the bore i s f l a m e sprayed with AI. 0 ceramic. This ceramic layer, is sealed using a s i l l c o n e b a s e s e a l e r and then cured a t 250 degrees F. The ceramic lined bore is then ground t o finish dimensions and resealed. Finish ceramic ins u l a t i o n t h i c k n e s s i s .432mm (.017 i n . ) . To minimize stray magnetic fields in the bearing and s e a l a r e a s of the generator, a 316 s t a i n l e s s s t e e l forging was chosen as the shaft material. This forgi n g was rough machined to s i z e and then ceramic sprayed, sealed, and ground i n a procedure similar to 'the one used on the-r o t o r . The r o t o r and s h a f t were then p u t together using a shrink-fit technique. The minimum d i a m e t r i c a l i n t e r f e r e n c e of t h i s f i t i s .330mm ( . @ I 3 i n ) which corresponds to a loosening speed of 8757 rpm. Xardened s t e e l c e n t e r s were s h r u n k -f i t i n t o each end of t h e s h a f t t o h e l p c o n t r o l c e n t e r d i s t o rsion during the final precision grinding procedure. The shrunk-fit assembly is then finished, machined, s p r a y e d , s e a l e d a n d g r o u n d t o a c c e p t t h e v a r i o u s required ceramic insulated seal and bearing sleeves. The use of the dual layer ceramic insulation system p r o v i d e s r e d u n d a n t p r o t e c t i o n f r o m c i r c u l a t i n g c u rrents in the bearings and s e a l s . A f t e r t h e s e a l and bearing sleeves are shrunk-fit into place the r o t o r assembly i s ground to a l l f i n a l d i a m e t e r s and lengths. The rotOK i s then balanced to within 144g-cm (2 oz-in) using spec-ially provided balancing screws located on the end faces of the rotor. These balancing screws are located such that they can he removed through spec i a l a c c e s s h o l e s i n t h e end p l a t e of the stator. This provision allows the rotor to be balanced on i t s own bearings within the stator if the need a r i s e s .
( S e e Figure 3) 
3.
Brush Ring Assembly The s t a t o r e n d p l a t e s a r e m a n u f a c t u r e d o u t of carbon steel forgings approximately 1.07111 (42 i n ) i n diameter by .20m (8 i n ) t h i c k .
The end plates include c l o s e t o l e r a n c e , t a p e r -f i t a c c e s s p o r t s and plugs to a l l o w removal of the generator brush ring assemblies without disassembly of the generators.
The end p l a t e s also provide air feed ports for the main and i n s t r ument brush actuation, as well a s c o o l i n g a i r and brush d e b r i s c o l l e c t i o n e x h a u s t p o r t s .
Carbon steel bearing housing shrunk f i t i n t o t h e end p l a t e s t o form the s t a t o r e n d c a p a s s e m b l y . T h e s e b e a r i n g h o u s i n g s p r o v i d e a l l r e q u i r e d i n t e r n a l p o r t i n g f o r b e a r i n g p r e s s u r e , b e a r i n g s c a v a n g e , a n d s e a l n i t r o g e n pressure. After assembly the end caps are ground to t h e f i n a l d i m e n s i o n s r e q u i r e d t o a c c e p t t h e r a d i a l bearings.
The rotor/shaft assembly i s supported a t each end of the generator by six-pocket, orifice-compensated, h y d r o s t a t i c r a d i a l b e a r i n g s . Each r a d i a l b e a r i n g is machined from aluminum-bronze a l l o y D forgings. The b e a r i n g s a r e i n s t a l l e d i n t h e i r r e s p e c t i v e end caps a n d m a c h i n e d t o t h e i r f i n a l d i a m e t e r s . F i n a l d i a m e t e r s a n d r o u n d n e s s o n t h e b e a r i n g s a r e h e l d within .055mm (.0002 i n ) and bearing-to-bearing conc e n t r i c i t y is held within .025mm (.001 i n ) .
A f t e r m a c h i n i n g , t h e b e a r i n g s a r e removed and i n d i v i d u a l f l o w r e s t r i c t i o n i n s e r t s a r e i n s t a l l e d i n s u p p l y p o r t s to each pocket. Test ports are provided to monitor individual pocket pressures. A x i a l r e s t r a i n t of the rotor is provided by sixp o c k e t , o r i f i c e c o m p e n s a t e d h y d r o s a t i c t h r u s t b e a r i n g s .
Each b e a r i n g i s manufactured :~oc., :.leii:; t r e a t e d E4340 a l l o y s t e e l . The bearings are maciiincu, then surface ground to within .0025mm (.001 i n ) f l a tness and p a r a l l e l i s m . I n d i v i d u a l f l o w r e s t r i c t i o n i n s e r t s a r e i n s t a l l e d i n s u p p l y p o r t s t o e a c h p o c k e t , Test Ports are provided to monitor individual pocket pressures.
The brush rings on the FARA-DRUM 10 homopolar genera t o r a r e d e s i g n e d t o c o l l e c t c u r r e n t from each end of t h e d r u m -t y p e r o t o r a s w e l l a s a c t a s h i g h s p e e d making switches.
The brush system consists of brush s t r a p s and pneumatic a c t u a t o r s .
The brush mounting r i n g s a r e segmented, current-collection rings machined from an ETP-110 copper forging.
Each segment is approximately 120 degree arc length and is designed so i t can be removed through the end-plate brush access port.
The brushes are made of Morganite CMlS brush m a t e r i a l s i l v e r s o l d e r e d t o t h r e e .813mm ( . 0 3 2 i n ) t h i c k b r u s h s t r a p s .
The inner two of t h e s e s t r a p s a r e made of AL-15 d i s p e r s i o n s t r e n g t h e n e d c o p p e r . T h i s s p e c i a l m a t e r i a l m a i n t a i n s i t s h i g h s t r e n g t h The pneumatic actuators are a Viton elastomer bellows molded around an aluminum-bronze core. The a c t u a t o r s a r e housed in an aluminum-bronze shroud which confines the side motion of the bellows during p r e s s u r i z a t i o n .
Each brush bellows actuates one brush assembly, which c o n s i s t s of 7 individual brushes. (See Figure 4) The b r u s h r i n g s a r e a s s e m b l e d u s i n g a n a pp r o p r i a t e e l e c t r i c a l j o i n t compound t o h e l p i n s u r e This exc i t a t i o n c u r r e n t p r o d u c e s 6 7 , 2 0 0 a m p -t u r n s o f magnetomotive force for each coil.
The conductors are double-layer built, wrapped with .13mm (.005 in) thick by 12.7mm
(. 500 i n ) wide f i b e r g l a s s t a p e , and a r e t h e n wound onto an aluminum f i e The copper busbars are a l s o epoxy bonded t o t h e c e n t r a l 0 1 0 i n s u l a t o r u s i n g t h e same high-strength E i l m adhesive used to bond the compens a t i n g t u r n s i n t o t h e s t a t o r .
The epoxy bond i s capable of ,developing an edhesive tensile strength of 27.58 MPa (4OOOpsi) The four saider 'busbar pairs are connected to the main vertical output busbar system through a p a i r of h o r i z o n t a l c o a x i a l ETP-110 copper tubes. These tubes a r e i n s u l a t e d from each other with a 12.7cm (.500 i n ) t h i c k G-10 sleeve.
The c r o s s s e c t i o n a l area of the inner tube i s 350 cm2 (54.2 i n ) and the area of the Outer tube i s 649 cm2 (100.5 in2). The h o r i z o n t a l o u t p u t c o a x i a l b u s b a r s a r e j o i n e d t o t h e b u s b a r s and to the main vertical busbars using grade-8 bolts and h e a v y d u t y b e l l v i l l e s p r i n g w a h s e r s .
A l l b o l t e d j o i n t s are cleaned and c o a t e d w i t h e l e c t r i c a l j o i n t compound before final assembly to minimize the output b u s b a r r e s i s t a n c e .
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The main v e r t i c a l . o u t p u t b u s b a r s a r e a p a i r of 5.08 cm (2.00 i n ) t h i c k by .610m
( 2 4 . 0 0 i n ) wide copp e r b a r s . T h e s e b a r s a r e b o l t e d a n d b o n d e d i n a similar manner as t h e one described on t h e s p i d e r busbar assemblies.
The s e p a r a t i o n r e s i s t a n c e on these busbars i s 2.10 X lO'pounds/fts.
CONCLUSION
The C e n t e r f o r E l e c t r o m e c h a n i c s B a l c o n e s 6 0 megajoule Pulsed Power Supply will b e t h e l a r g e s t , and most advanced, modular, homopolar-generator-based power supply in the world.
I t s c a p a b i l i t i e s will est a b l i s h CEM-UT as the foremost high current research l a b o r a t o r y i n t h e world and w i l l provide a unique tool f o r e x p l o r a t i o n i n t h e f i e l d s o f e l e c t r o m a g n e t i c p r o p u l s i o n , h i g h -c u r r e n t p u l s e d w e l d i n g , a n d many other pulsed power a p p l i c a t i o n a r e a s . The s o p h i s t icated design and a t t e n t i o n t o d e t a i l which were used in the manufacturing of t h i s system will provide a h i g h l y r e l i a b l e , rugged power supply €or many years to come.
Parker Kinetic Designs, Inc. and the Center for E l e c t r o m e c h a n i c s w i s h t o a c k n o w l e d g e and thank the many engineers, draftsmen, machinists, and technicians who h a v e d i l i g e n t l y w o r k e d o n t h e B a l c o n e s p u l s e d homopolar supply since i t s conception. Far too many people have been involved with this project to single o u t p a r t i c u l a r p e r s o n s f o r a c k n o w l e d g e m e n t , T h e f i n i s h e d 60 megajoule homopolar generator pulsPd power s u p p l y will s e r v e as a t r i b u t e t o t h e h a r d w o r k , craftmanship and dedication of a l l persons involved.
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